ANHYDROUS  AMMONIA  NITROGEN  FOR  TROPICAL  CORN, 
GRAIN  SORGHUM,  AND  BAHIACRASS  SOD  IN 
MULTIPLE  CROPPING  MINIMUM  TILLAGE  SYSTEMS 


A DISSERTATION  PRESENTED  TO  THE  GRADUATE  SCHOOL  OF 
THE  UNIVERSITY  OF  FLORIDA 
IN  PARTIAL  FULFILLMENT  OF  THE  REQUIREMENTS  FOR 
THE  DECREE  OF  DOCTOR  OF  PHILOSOPHY 


UNIVERSITY  OF  FLORIDA 


here  were  many  people  who  contribute!  to  the  completion  of  this 
nd  deserve  special  mention.  1 would  like  to  express  my  gratitude 
chairman.  Dr.  Raymond  N.  Gallaher,  for  his  contribution  to  my 

ly  committee  members.  Dr.  Jerry  M.  Bennett,  Dr.  Jimmy  C.  Cheek, 
ihn  E.  Moore,  and  Dr.  Roy  D.  Rhue,  also  made  important  contribu- 
te the  completion  of  this  work.  A special  mention  is  made  to 


s guidance  and  support  are  sincerely 


the  on-farm  research  projects  were  made  possible  only  through  the 
efforts  and  support  of  the  following  individuals.  Spencer  and  Peggy 

Bennink  of  North  Florida  Holsteins,  Bell,  FL;  Bobby  Lott,  Bronson,  FL; 

I would  also  like  to  thank  the  following  individuals  for  their 
resources  and  technical  support  of  this  research:  Sonny  Tomplins, 
Shawn  Costello,  David  Block,  Bill  Carter,  Betty  Hurst,  Evelyn 
Bluckhom,  and  Anthony  Drew,  1 


id  allowing  me  absence  fi 
it  importantly,  1 would  : 


ly  position  as  Levy 
me  this  degree  program. 


hanks  to  ray  wife,  Marilyn,  ; 
upporc,  willingness  to  pitcl 


heir  personal  11 


SS5§  § 2*32 


CONCLUSIONS 


6 SUMMARY  ANU 
APPENDICES 

A ANHYDROUS  AMMONIA  AS  A SOURCE  OF  NITROGEN  FOR  TROPICAL 
CORN  PLANTED  INTO  B1A1IACRASS  SOD  BY  MINIMUM  TILLAGE 
METHODS  

B ANHYDROUS  AMMON  IA  AS  A SOURCE  OF  NITROCEN  FOR  GRAIN 
SORGHUM  PLANTED  INTO  BAHIACRASS  SOD  BY  MINIMUM  TILLAGE 


BAHIAGRASS  AS 


LITERATURE  CITED  . . 
BIOGRAPHICAL  SKETCH 


Abstract  of  Dissertation  Presented  to  the  Graduate  School 
of  the  University  of  Florida  in  Partial  Fulfillment  of  the  Requirements 


ANHYDROUS  AMMONIA  NITROGEN  FOR  TROPICAL  CORN, 
GRAIN  SORCHUM,  AND  BAHIAGRASS  SOD  IN 
MULTIPLE  CROPPING  MINIMUM  TILLAGE  SYSTEMS 

By  . 


Major  Department:  Agronomy 

Nitrogen  is  the  largest  and  one  of  the  most  expensive  fertilizer 


The  first  study  investigated  Che  effect  of  anhydrous  ammonia  N on 
the  yield  and  chemical  composition  of  tropical  corn  and  grain  sorghum 

complete  block  designs  vich  six  replications  at  five  N races  (0,  56, 


e split  plots  replicated  four  times. 


effects  of  anhydrous 


e (168  kg  N ha  ) o 


;he  control  due  to 
ilant  DM  yields  in 


rainfall  during  tl 


kg  N ha"1  at  two  locations.  Grains  and  whole  plant  DM  yield  increased 
to  112  kg  N ha”1  at  location  three.  Insufficient  rainfall  and 
distribution  of  rainfall  affected  corn  yields  more  than  sorghum  yields. 

When  anhydrous  ammonia  was  compared  to  ammonium  nitrate  as  sources 
of  H for  bahiagrass,  no  differences  in  DM  yield  were  found.  Nitrogen, 
in.  vitro  organic  matter  digestibility  (IVOMD),  and  P concentrations 
increased  with  increased  rates  of  N and  were  greater  when  ammonium 


Dry  matter  accumulation  and  nutrient  content  of  tropical  grain 

vegetative  growth.  Nitrogen,  P,  K,  Ca,  Mg,  Pe,  Mn,  Cu,  and  Zn  concen- 
trations Increased  rapidly  during  early  vegetative  growth  and  decreased 


LITERATURE 


more  chan  16  rail  Lion  acres  of  Encisol  and  Ulcisol  soil  types  uhich  make 
up  a major  portion  of  the  ridge  throughout  south,  central,  and  north 
Florida.  These  soils  may  produce  different  growth  habits  in  corn, 
sorghum,  and  forage  growth  which  needs  to  be  researched.  Plorida  is  a 
grain  deficient  staee,  and  utilisation  of  existing  sods  for  ineerplant- 
ing  grains  would  allow  more  efficient  utilisation  of  capital,  time, 

facing  depressed  prices  for  field  crops  and  livestock,  which  makes  the 

for  establishing  bahiagrass  (Paspalum  notatum  L.  Flugge)  sod  have 

the  ability  to  interplant  corn  (Zea  mays  L.)  or  grain  sorghum  (Sorghum 
bicolor  L.  Moench)  into  this  sod  while  maintaining  the  sod  for  fall 
regrowch  would  be  desirable.  Throughout  most  of  Florida,  bahiagrass  is 


grass  is  easily  maintained  and  provides  beef  cattle  producers  with  an 
acceptable  forage  for  grazing  during  late  spring,  summer , and  early 
fall.  The  productivity  and  quality  of  bahiagrass  can  be  improved  by 
proper  application  of  N fertilizer.  However,  with  low  beef  prices  and 
Increased  cost  for  h'  fertilizer,  much  of  this  pasture  is  never 
fertilized  adequately  (hr  good  forage  quality  and  productivity.  With 
anhydrous  ammonia  being  one  of  Che  least  expensive  sources  of  H,  this 
fertilizer  material  might  lend  itself  to  use  in  interplant  cropping 

pasture  fertilization. 

No-Tillage  Hulticropping  Corn  and  Soreliums  in  Sods 


advantages,  including  Increased  soil  moisture  availability  (Blevins 
planting  delays,  and  fuel  savings  (Robertson  and 

reduced  losses  from  water  runoff  (Langdalc  and  Leonard,  1982).  By 
covering  the  exposed  soil  surface,  mulches  reduce  water  loss  from 
evaporation  as  well  as  reduce  erosion  losses  due  to  wind  and  water. 
Mulches  may  also  be  used  as  a soil  amendment  by  increasing  water 


Leonard,  1982),  less 
Prlne,  1978).  In  ac 


holding  capacity  and  providing  new  cation  exchange  sites  for  improved 

chances  for  success  by  utilizing  no-tillage  or  no-tillage  plus  subsoil- 

1980).  Multicropping  no-tillage  forming  requires  a high  level  of 
management  that  most  producers  have  noc  experienced  (Gallaher,  1980). 

management.  No-tillage  reduces  erosion  (Moldenhauer  and  Amemiya, 

(Gallaher,  1977) . Moisture  availability  to  plant  roots  throughout  the 
growing  season  is  one  of  the  most  critical  factors  limiting  crop  yields 

The  magnitude  of  crop  yield  reduction  is  directly  dependent  upon  the 
duration  and  severity  of  water  stress. 

which  to  plant  crops  by  no-clllage  or  other  minimum  tillage  methods 

Fink  and  Wesley,  1974;  Griffith  et  al.,  1973;  Jones  et  al.,  1969; 
Moschler  et  al.,  1973;  Shear  and  Moschlcr,  1969).  Properly  utilized 

et  al.,  1971;  Gallaher,  1977;  Jones  et  al.,  1969;  Moody  et  al.,  1963; 
Shanholtz  and  Lillard,  1969).  Mulch  material  also  reduces  loss  of 


1963;  Shanholtz  and  Lillard,  1969).  In  a Georgia  study,  no-tillage  of 
corn  using  a rye  (Secale  cerealc  L. ) crop  as  mulch  as  opposed  to 
removal  for  hay  resulted  in  3260  kg  ha  1 more  corn  or  a 66%  increase 

attributing  factor  to  better  yields  from  the  rye  mulch  (Gallaher,  1977). 
Nelson  et  al.  (1977a,  b)  in  no-tillage  plantings  of  corn  or  grain  sorghum 
following  wheat  (Triticum  aestivum  L.)  or  barley  (llordeum  vulgare  L. ) 
found  chat  no-tillage  corn  and  grain  sorghum  produced  higher  yields 


irrigated  early-planted  no-tillage  ct 


r forage)  than  when  planted 
no  differences  in  yield  between 


highest  soil  water  content  and  yield  of  corn  (Jones  et  al.,  1969). 
Another  Virginia  study  showed  a 1440  kg  ha-1  yield  increase  of  corn 

erosion  (Shanholca  and  Lillard,  1969).  Elkins  et  al.  (1979)  no-tillage 
planted  corn  into  tall  fescue  (Pestuca  arundlnacea  Schreb.)  and  found 
chat  it  was  possible  to  obtain  good  corn  yields  while  maintaining  at 


method  offers  Che  potential  for  a combination  of  corn  production  and 
gracing  on  erosive  land.  According  to  Gallaher  (1980)  several  reports 
have  been  published  in  Florida  on  minimum  tillage  of  crops  in  grass  sod 
(Lundy  et  al.,  1974;  Prine,  1967;  Robertson  ec  al.,  1964;  Prine  and 
Robertson.  1968;  Robertson  et  al.,  1976).  None  of  these  studies 


have  been  conducted  utilising  in-row  subsoiling  when  cori 
was  no-tillage  planted  into  bahiagrass  sod,  but  none  of  these  studies 
utilised  anhydrous  ammonia  as  a source  of  N (Gallaher,  1978;  Robertson 
et  al.,  1980;  Stanley  and  Gallaher,  1980).  Gallaher  (1978)  reported 
chat  grain  sorghum  tended  to  yield  about  Che  same  for  no-tillage  versus 
conventional  tillage  in  a bahiagrass  sod.  Bahiagrass  was  effectively 
controlled  by  preapplication  of  glyphosate  (isopropylamine  salt  of 
N-(phosphonomotryl)  glycine)  (Roundup)  and  post  direct  application  of 
Paraquat  ( 1 , 1 1 -Dime thy  1-4 , 4 ' -bipyr idinuin  ion)  ii 
et  al.  (1980),  using  subsoil  planting  into  bahiagrass  sod,  found  the: 
was  a large  response  to  subsoiling  for  both  the  no-tillage  and  convei 

yield  responses,  over  tillage  methods,  for  subsoiling  were  related  ti 

for  no-tillage  than  conventional.  Forage  yields  correlated  with  gra 

the  experiments,  grain  yields  for  no-tillage  were  superior  or  as  goo 


Stanley  and  Galloher  (1980),  with 
er,  these  plots  were  under  limited 


interest  in  practices  chat  re 


luce  or  eliminate  specific  cost  variables 


(Touchton,  1980).  Anhydrous  ammonia  is  one  of  the  cheapest  sources  of 

yields  of  com  or  sorghum  (Anderson  et  al.t  1985).  The  response  of 

hybrids  show  increases  in  protein  content  and/or  grain  yield  as  rates 

Anderson  et  al.  (1985)  reported  that  prolific  (more  than  one  ear  per 
plant  (genotypes  maintained  a greater  N utilization  efficiency  than  the 


decrease  in  N utilization  efficiency  a: 

The  genetic  selection  for  prolificacy  under  low  N fertility  may  lead  tc 
identification  of  genotypes  with  more  efficient  N utilization,  fn  a 

corn  did  not  increase  significantly  when  more  than  75  kg  N ha  was 


applied  on  a yearly  bj 


ie  protein 


n sorghum 


> and  including  112 
i),  studying  the  effect  of  N fertiliza- 
i and  sorghum  residues,  observed  that 
titli  N fertilization  in  both  crops. 

>ps  were  increased  significantly  by 


grain/stover  ratios  increased  with  increasing  N le 
of  grain  sorghum  residues  was  consistently  higher  than  corn  while 
in  vitro  organic  matcer  digestibility  (IVOMD)  values  were  consistently 
lower  in  grain  sorghum.  Crude  protein  Increased  significantly  in  grain 
sorghum  residue  with  each  increasing  N level  while  little  increase 
occurred  in  corn.  Perry  and  Olson  (1975)  observed  that  corn  dry  matter 

decline  in  crude  protein  and  digestibility  following  grain  harvest  of 

Touchton  (1980)  and  Touchton  and  Hargrove  (1982)  stated  that  some 
of  the  cheaper  N fertilizers  are  more  susceptible  to  losses  through 
ammonia  volatilization  than  the  more  expensive  ones.  These  losses  are 


often  accelerated  with  surface  applications  in  no-tillage  systems. 
Climatic  and  soil  conditions  that  determine  the  potential  for  ammonia 
volatilisation  are  numerous  and  whether  or  not  losses  will  occur  in  any 
particular  system  are  difficult  to  predict.  Hengel  ct  al.  (1982)  found 
that  injecting  NH^  or  urea  ammonium  nitrate  (UAN)  below  the  surface 
resulted  in  consistently  higher  com  grain  yields  than  applying  UAH, 
NH^NOj  or  urea  directly  on  the  soil-residue  surface.  Nitrogen  concen- 
tration in  the  leaf  and  grain  also  reflected  an  increase  in  N use 
efficiency  with  subsurface  N placement.  Percent  N in  leaf  was  signifi- 
cantly higher  where  Nil.  or  UAN  were  injected  as  compared  to  UAN  or  urea 
surface  applied.  Eckert  (1981)  stated  that  research  has  shown  little 
if  any  differences  in  corn  yield  as  a result  of  using  different  N 
sources  in  conventional  tillage  production  systems.  However,  the  same 
was  not  true  for  no-tillage  systems  due  to  crop  residues  which  may 
intercept  much  material  and  hold  it  above  the  soil  surface  until  rain- 

will  be  affected  by  the  type  of  N fertilizer,  the  application  method 

crop  residue.  Eckert  (1981)  reported  that  anhydrous  ammonia  is  the 
preferred  source  of  N in  no-tillage  systems. 

no  problems  associated  with  tillage  or  residue 


n surface  pH,  making 


of  N application 
r consideration. 


Because  of  ics  ability  Co  utilize  large  arac 
almost  ideally  suited  for  use  of  ammonia. 

ence  grain  protein  content,  although  yield 
increased.  Colllver  and  Welch  (1970)  condc 

growth  of  corn.  Corn  was  planted  directly 
bands  applied  at  different  rates,  depths,  a 

depth  of  application 


ay  be  substantially 

germination  and  early 
ver  and  parallel  to 
d times  before  planting. 


deficiency  symptoms.  Increasing 


increasing  the  time  interval  between  application  and  planting.  Injury 
was  largely  prevented  when  application  depth  was  25  cm,  for  all  times 
and  rates  of  application.  Mills  et  al.  (1974)  reported  that  toxicity 
may  be  partially  overcome  if  the  soil  pH  is  near  neutrality.  The 
principal  factors  affecting  NH,+  losses  from  soil  are  soil  reaction  and 
the  amount  of  NH^  N applied,  but  depth  of  fertilizer  placement,  cation 
exchange  capacity  (CEC),  base  saturation,  and  soil  moisture  content 
also  affect  retention  and  volatilization  of  NH,+  (Mills  et  al.,  1974). 
Gomes  and  Loynachan  (1984)  stated  chat  the  nitrification  of  anmonium  to 
nitrate  is  a stepwise  biological  oxidation  in  which  NH,+  ions  are  con- 
verted to  nitrate  (NOj),  mainly  by  the  bacteria  of  the  genus  Nitro- 


product  of  nitrification  (MOj)  is  not  strongly  attached  to  the  soil's 
cation  exchange  sites  and,  thus,  is  subject  to  leaching  losses  by 
percolating  water.  Fenn  and  Kissel  (1976)  reported  that  on  increasing 


GEC  resulted  in  decreasing  NH, 

losses.  Boswell  (1977)  stated 


sses.  Also,  decreasing  the  soil  water 
be  equal  to  other  H sources,  inferior 


different  soil  ty] 
pH,  distribution  ai 


as  well  as  application  depth,  piny  a 
sorption.  In  addition,  moisture  con 

influence  the  availability  of  N from  anhydrous  ammonia. 

to  graze  during  late  spring,  summer,  and  early  fall.  The  yield  and 
fertilizer  (Beaty  et  al.,  1960,  1977;  Blue,  1966,  1972,  1974;  Stanley 


r fertilized  adequately  for 


fertilizer,  much  of  this  pasture  is  nt 

least  expensive  sources  of  available  N,  research  in  the  1 
ducted  by  Blue  and  Eno  (1954)  and  Blue  (1984)  indicated  I 
up  to  40Z  of  applied  N could  occur  due  to  volatilization 


1 temperature,  moisture,  pH  of  the  soil,  and  spacing  of  injectors. 


ducted  concerning  the  use  of  various  N rates  and  sources  for  fertiliza- 
tion of  bahiagrass  and  other  tropical  forages  (Beaty  et  al.,  1960,  1963, 
1977,  1980;  Blue,  1972,  1974,  1977).  Follett  and  Wilkinson  (1985) 


reported  that  effectiveness  of  N sources  varies  with  placement,  soil, 
and  environmental  conditions.  Ammonium  nitrate  often  has  the  highest 
recovery  efficiency.  Losses  of  Nll^*  can  occur  from  surface-applied 
urea,  resulting  in  a lower  efficiency  of  N use.  Anhydrous  ammonia 
fertilizers  are  usually  the  lowest  priced  per  unit  of  N and  have  low 
loss  rates  if  properly  injected  into  the  soil  (Follett  and  Wilkinson, 

Nitrogen  is  the  main  limiting  nutrient  in  many  forage  systems;  as 
a consequence,  large  yield  increases  are  obtainable  with  N fertilization 
(Dougherty  and  Khykerd,  1985).  When  N is  applied  to  grasses,  the  higher 
crop  growth  rates  achieved  are  most  often  attributable  to  Increased  leaf 
area  indices  (LAI).  Nitrogen-fertilized  grasses  have  larger  cells  with 
thinner  cell  walls  and,  as  a consequence,  have  larger  leaves.  Nitrogen 
also  stimulates  raerlstematic  activity;  which  is  often  reflected  in 
increased  tillering.  Leaf  senescence  is  also  retarded  by  N fertiliza- 
tion which  helps  to  maintain  the  photosynthetically  active  surface 
(Dougherty  and  Rhykerd,  1985). 


yield.  At  low  N rotes,  harvesting  to  a stubble  height  of  3 Co  or 
less  will  signif  icantly  increase  the  amount  of  forage  utilized  and 

'Pensacola1  bahiagrass  (1)  increases  digestibility  by  keeping  the 

(3)  may  provide  better  forage  distribution  over  a season  without 

et  al.,  1977)  and  the  stolons  may  be  utilized  as  a feedstuff  for  beef 
but  for  only  a small  amount  of  the  total  season's  forage.  Forage  pro- 
Stanley  et  al.  (1977)  using  clipping  heights  from  0 to  15  cm  showed 
grasses  at  low  N levels.  One  reason  may  be  that  temperate  grasses  have 


, 1974). 


a higher  proportion  of  roots,  thereby  reducing  the  amount  o: 

that  tropical  grasses  generally  have  lot 

Usually  50-802  of  N applied  to  forage  grasses  i! 

DM  (Lazenby,  1983) . Recovery  may  exceed  1( 

if  application,  source  of  N,  soil  N availability,  species. 

Limited  information  is  available  on  the  response  of  bohiagrass  to 
anhydrous  ammonia  as  a fertilizer  source  of  N.  The  efficiency  of  using 

(1966)  summarized  the  results  of  many  investigations  testing  the  effec- 

indicate  that,  during  the  year  of  application,  yields  arc  somewhat 

lia  applied  in  one  application  at  rates 

years  utilizing  anhydrous  ammonia  as  one  source  of  N.  The  anhydrous 


When  the  fertilizer  was  applied  in  one  application  in  mid-March, 
anhydrous  ammonia  was  equal  to  ammonium  nitrate  in  effectiveness. 


>urces  and  all  clippings 

first  clipping  and 
ig  in  response  was 


x (1968)  found  yields  equal  for  all  ! 

increased  application  efficiency.  Lechtenberg  et  al.  (1974),  using 
anhydrous  ammonia  to  fertilize  smooth  bromegrass  (Bromus  inermis 
Leyss.),  found  that  it  was  as  effective  in  increasing  animal  production 
per  hectare  as  was  ammonium  nitrate  at  the  same  application  rate. 

Increasing  the  N fertilizer  for  tropical  forages  has  been  shown  to 
increase  DM  yield  and  crude  protein  content.  However,  more  diverse 

factors  on  the  digestibility  of  tropical  grasses.  Moore  et  al.  (1970) 
reported  that  'Pensacola'  bahiagrass  hays  of  varying  nu 


s of  growth  ant 


r digestibility  (1V0MD)  varried  fi 


digestibility.  However,  quality  did  decline  quite  rapidly  between  6 
and  10  weeks  of  growth.  Low  crude  protein  contone  may  be  the  primary 


factor  limiting  quality  at  the  10-week  growth  stage  while  low  nutrient 

nutritive  quality  with  age.  He  stated  that  age  and  physiological 
maturity  are  not  identical.  Thus,  factors  such  as  cool  temperatures 
and  light  that  retard  maturity  promote  higher  quality  at  a given  age. 

the  spring  and  early  summer,  when  the  effects  of  Che  warming  season  and 
maturity  positively  interact.  Such  studies  show  steep  declines  in 
digestibility  and  protein  and  increases  in  fiber,  lignin,  and  ocher 


Date-of-cutting  information  it 


evaluating  second  cuttings  or  aftermaths  grown  in  July  through 
September.  Ac  this  time,  environmental  temperature  is  maximum  and  no 
longer  increasing,  and  digestibilities  arc  not  as  high  in  immature 
material  as  they  were  in  the  spring.  As  temperatures  decline  in  the 

generally  a much  higher  solar  Intensity,  which,  in  combination  with 

Van  Socst  (1985)  stated  that  crude  protein  concent  as  influenced 
by  fertiliser  N is  the  most  important  effect  of  fertilisation.  He  also 
stated  that  digestibility  is  affected  relatively  little,  although 
palacabllity  may  be.  Wilson  (1973)  indicated  that  increasing  the  N 


fertilizer.  The  effect  of  ! 


increasing  leve. 
digestibility  h; 

a IX  increase  in  digestibility  was  due.  on  the  average,  to  higher  ri 
of  N.  Fribourg  et  al.  (1971),  using  'Midland'  bermudagrass , found  i 

range  of  applied  N.  The  greatest  increase  occurred  as  the  N rate  w. 


increase  with  light  intensity  to  60,000  lux  or  higher, 
forage  quality.  High  temperatures  during  growth  periods  have  been 

herbage  digestibility  of  tropical  grasses  (Henderson  and  Robinson, 


1976).  Henderson  and  Robinson  (1982b),  in  a study  of  tropical  grasses 
including  'Pensacola'  bahiagrass,  found  that  in  all  grasses  that  IVOMD 


consistently  decreased  as  temperature  increased,  resulting  in  maximum 
digestibility  at  the  lowest  temperature.  The  effect  of  light  on 
digestibility  ranged  from  positive  to  negative,  depending  on  the  grass 

moisture  level  after  14  days  regrowth.  Tile  digestibility  of  the 
'Pensacola'  bahiagrass  was  3.6  percentage  units  higher  after  14  days 
regrowth  than  after  21  days  regrowth. 


Increase  in  dry  weight  is  a useful  definition  of 
interested  in  crop  productivity.  Knowledge  of  DN  pro* 
nutrient  uptake  and  distribution  is  needed  to  relate 
and  development  (Jacques  et  al. , 1975).  Crop  growth 
accurately  characterized  by  measurement  of  dry  weight 


is  usually  more 


Dry  weight  increase  has  been  described  mathematically  as  a 
function  of  physiological,  phenological,  and  environmental  factors. 
Increase  in  dry  weight  with  time  is  usually  characterized  by  a 
sigmoidal  curve  (Leopold  and  Kriedemann,  1975) , in  which  three  primary 

1969).  In  the  expansion  phase,  che  growth  rate  (increase  in  dry  weight 
until  self-shading  or  other  conditions  prevent  the  increasing  leaf  area 


(Watson,  1958;  Leopold  and  Kriedemann,  1975;  Duncan  et  al.,  1967). 
end  of  the  expansion  phase  narks  the  beginning  of  the  linear  phase  ii 

crop  approaches  maturity  and  begins  to  senesce  (Salisbury  and  Ross, 


The  patterns  of  growth  and  DM  distribution  ot 


srved  in  tropical 


er  (1977)  pointed  out  that  another  potentially  serious 
(1962)  and  Allison  and  Watson  (1966)  have  shown  that 

greater  N utilisation  efficiency  than  the  semi-prolific 
genotypes  at  all  N fertility  levels  and  showed  a greater  decrease  in  N 

genotypes  partitioned  a larger  proportion  of  plant  N to  the  grain  at 

increasing  the  ear  number  per  plane,  grain  N content,  and  grain  yield, 
com  and  sorghums.  It  has  been  recognised  that  amounts  of  most 


A considerable  range  In  values  can  be  expected  for  each  element,  since 
soil  drainage  and  fertility,  climatic  conditions,  plant  population, 
crop  species  and  genotype,  and  fertilizer  practice  can  influence  crop 

sorghum,  except  for  K,  which  can  be  influenced  by  fertilization. 

Fribourg  et  al.  (1976)  reported  the  results  of  inorganic  nutrient 
uptake  by  corn  and  sorghums.  The  amounts  contained  in  the  above-ground 
plant  parts  exhibited  considerable  range:  34  to  222  kg  H ha  ; 8 to  34 

ha"1.  Since  the  quantities  romoved  are  the  products  of  harvested  plant 

the  climatic,  edaphic,  genotypic,  a- 
also  by  soil  nutrient  availability.  Sivakumar  et  al.  (1979)  suggested 
that  plant  growth  is  the  result  of  an  effective  integration  of  many 

i may  occur  due  to  the  limitation  of  any 
•r  example,  water  deficits  in  plants  generally  lead  to 
iter  potentials  and  stomatal  closure,  as  manifested  by  an 
o transpiration.  The  effects  of  depiction 
tater  on  transpiration  are  of  specific 


Internal  water  balance,  which  directly  affects  the  physiological  and 

during  the  silking  and  tasseling  stages  of  growth.  Additional  water 
stresses  which  occur  later  during  the  grain  filling  period  can  further 


reduce  grain  yields  by  reducing  die  weights  o£  individual  seeds, 
sorghum  growth  which  is  least  sensitive  to  water  stress  (Bennett.  1984; 

Growth  and  DM  production  of  grain  sorghum  have  been  reported  by 
several  workers.  Vandcrlip  and  Reeves  (1972),  who  defined  10  growth 
stages  of  grain  sorghum  from  emergence  to  physiological  maturity, 
suggested  chat  by  using  those  scagcs  as  standards  the  timing  of  sampl- 
ing or  treating  of  sorghum  could  be  described  accurately  in  relation  to 
the  morphological  or  physiological  age  or  status  of  the  plane.  They 
report  that  the  general  pattern  of  DM  accumulation  was  the  same  for 
different  grain  sorghum  hybrids  and  that  late  maturing  hybrids  tended 

Jacques  et  al.  (1974),  in  studies  of  grain  sorghum  hybrids,  found 
chat  Ca  and  Mg  uptake  was  rapid  in  early  plant  development,  and  Ca  was 
generally  taken  up  more  rapidly  than  Mg  during  vegetative  growth.  When 

total  Ca  and  Mg  uptake  had  occurred.  Whole  plant  nutrient  conccntra- 

during  vegetative  growth.  Lockman  (1972b),  reported  that  soil  acidity, 
soil  fertility,  stage  of  growth,  variety,  and  climatic  conditions 

grow  rapidly;  their  dry  weight  ii 


differences  ii 


Hanway  (1962a)  found  chat 
.1  fercilicy  influenced  the  amounts  of  N,  P,  and  R 
taken  up  by  corn  plants,  but  did  not  markedly  change  the  seasonal 
pattern  of  uptake  and  distribution  of  these  elements  in  the  plants. 

The  accumulation  of  N,  P,  and  K in  corn  and  grain  sorghum  was  linear  in 
relation  to  DM  accumulation  (Fribourg  et  al.,  1976[  Kanway,  1962b). 

Corn  and  grain  sorghum  production  may  be  greatly  enhanced  by 
proper  fertilization.  As  fertilization  efficiency  is  highly  inter- 

Since  nutrient  availability  as  measured  by  soil  cesting  may  or  may  not 
be  highly  correlated  to  final  crop  yields,  plant  analysis  can  be  used 
effectively  in  conjunction  with  soil  tests  to  examine  both  critical 
levels  of  nutrients  needed  by  the  crop  and  the  ability  of  the  soil  to 
supply  chose  amounts.  Both  of  these  analyses  are  necessary  to  deter- 

Abundant  literature  exists  concerning  plant  analysis  data  for  corn 
although  few  data  are  available  for  grain  sorghum.  Because  of  this 
imbalance  and  the  observations  of  early  researchers  that  the  two  crops 

discussed  together.  Lockman  (1972a,  b)  and  Bennett  (1971),  however, 
warn  that  although  nutrient  concentrations  in  the  crops  are  similar, 
differences  increase  in  later  growth  stages  and  corn  data  should  not  be 

plant  and  fluctuate  widely  during  its  growth,  it  is  of  great  importance 


generally  recommended  char,  for  dlagnoscLc  purposes,  corn  be  sampled  by 
and  grain  sorghum  be  sampled  by  collecting  15  to  25  samples  from  the 

nutrient  sufficiency  in  a plant  but  may 

Critical  nutrient  levels  (CNL)  have  been  the  object  of 

1952)  but  are  essentially  the  concentration  of  an  element  bi 
yields  decrease  or  deficiency  symptoms  appear.  Because  of  i 
interactions  among  nutrient  elements  themselves  (Peck  et  al 
other  confounding  influences  such  as  soil  types  (Gallaher  ai 
1976)  and  culcivar  differences  (Luta  et  al.,  1972),  CNL  vali 


third  leaf  below  the  panicle  at  bloom  for  grain  sorghum.  Lockman 
(1972c)  further  reported  that  N and  P levels  in  leaf  tissue  were  both 

linear  correlation  with  grain  yield,  the  correlation  becoming  negative 

nutrient  concentrations  in  the  leaf  may  be  also  highly  correlated. 
Bennett  et  al.  (1973)  noted  grain  yield  increases  with  increasing  N 
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Introduction 


Nitrogen 


be  more  Cully  utilised  if  interplant  multicropping  mininum  tillage 

CPaspalum  notatum  L.  Flugge)  sod  followed  by  temperate  corn  have  been 
studied  (Gallaher,  1978;  Lundy  et  al - , 1974;  Prine,  1967;  Prine  and 
Robertson,  1968;  Robertson  et  al.,  1976,  1980;  Stanley  and  Gallaher, 
1980).  However,  only  a few  of  these  studies  involved  in-row  subsoiling 

mentioned,  several  researchers  have  investigated  reduced  or  no-tillage 

no-tillage  grain  production  without  serious  soil  losses.  Elkins  et  al. 
(1979)  showed  that  planting  into  sod  usually  Involves  the  use  of  a 

,r  experiments  that  it  was  possible  to  obtain  good  corn 


Opportunities  to  incorporate  N fertilisers  below  the  residue  lays 
in  reduced  tillage  systems  are  limited.  Consequently,  the  most  commor 

anmoniuiQ  nitrate  (NH^NO^J  or  urea  or  spraying  urea-ammonium  nitrate 
(UAN)  solutions  on  the  soil  surface  immediately  before  or  after 
planting.  However,  significant  N losses  can  occur  through  ammonia 
volatilization  when  ammonium  N sources,  particularly  urea,  are  left  oe 


of  N lost  through  ammonia  volatilization  from  surface-applied  N 
fertilizers.  Among  these  are  soil  pH,  cation  exchange  capacity  (CEC) , 
soil  organic  matter  (OM)  concent,  amount  and  type  of  residue  present, 
soil  moisture  concent,  temperature,  humidity,  and  the  N source  used 
(Fenn  and  Kissel,  1976;  Ernst  and  Massey,  1960;  Terman,  1979).  Because 


of  NH,  lose  by  volatilization  is  difficult  to  predict  (Handel  et  al., 
1930;  Fox  and  Hoffman,  1981;  Terman,  1979). 

In  addition  to  N losses  from  the  soil-plant  system,  a significant 
portion  of  the  N applied  in  no-tillage  systems  can  become  Immobilized 
in  the  decaying  residue  mulch  and,  thereby,  reduce  the  amount  of  N 

ammonia  could  be  the  preferred  source  of  N in  no-tillage  systems. 

Since  this  material  is  injected  into  the  soil,  it  does  not  interact 

control  (Eckert,  1981).  Mengel  et  al,  (1982)  found  that  injecting  NH3 

than  applying  UAN,  Nil, NO. , or  urea  directly  on  the  soil-residue  surface. 

second  crop  to  increase  productivity  in  the  Southeast  (Chambliss  et  al. , 
1979,  1980;  Callahcr  and  Horner,  1983:  Monson  et  al. , 1980;  Widstrom 

and  Gallaher,  1976,  1977;  Widstrom  and  Young,  1980;  Young  et  al., 

1978).  No-tillage  planting  a summer  crop  such  as  tropical  corn  into  a 

s growth,  but  allowing  for  fall  regrowth  would  be  desirable.  The 


regrowth  and 


dramatically 


profitability  of  raulticropping 


The  objective  of  this  study  ua 


1984.  The  experiment  was  in  a randomised  complete  block  design  with 
six  replications  (Table  2-1)  utilizing  Pioneer  brand  'X304C'  tropical 
corn  planted  into  15-year-old  bahiagrass  (c.v.  ’Pensacola')  sods. 
Location  1 was  planted  on  June  1,  1983,  on  a Kershaw  fine  sand  (thermic, 
uncoaeed  typic  Quortzipsaimuent)  an  excessively  drained  sand  and 

(loamy,  siliceous,  thermic,  Arenic  Ilapludalf).  The  third  location  was 


County,  Florida,  latitude  29° 30'  North,  longitude  82',40,  Hest. 
Location  2 was  in  Gilchrist  County,  Florida,  lacltude  29"50'  North, 


planting,  on  application  of  0.84  kg  a.i. 
jpropylamine  salt  of  N-(phosphonomethyl)  glycine) 

L ha-i  at  2.8  kg  cm.  This  was  done  to  suppress 


used  for  tropical 


REPLICATIONS  (r)  5 (r-1) 

TREATMENTS  (T)  4 (T-l) 


r-1) (T-l) 


of  K,  S,  and  Mg  were  K-SO.lMgSO,  (K-Mag)  and  KC1  (Muriate  of  Potash). 

accachcd  to  the  aubaoll  shanks.  Corn  was  planted  at  a population  of 
application  of  0.67  kg  active  ingredient  (a.i. ) Carbofuran  ha  1 
Kuradan)  was  applied  in  front  of  the  press  wheel  at  planting.  Nitrogen 
at  a 25  cm  depth.  Nitrogen  rates  were  randomised  and  replicated  six 


suppress  the  sod.  The  plots  were 
September  9,  1986.  Two  rows  6 m i 


1983;  September  26,  1983;  and 


.1  samples  w< 


air-tight  plastic  bags. 


stainless  steel 


(Brenner , 1965)  as  modified  by  Gallaher  et  al.  (1976).  A 2.0  g sample 
was  placed  in  25  ml  digestion  tubes  to  which  3.2  g of  catalyst  (902 
anhydrous  K2S0,,  102  anhydrous  CuSO. ) , 10  ml  concentrated  H2S04  and 
2 ml  302  H202  were  added.  Samples  were  then  digested  in  an  aluminum 


block  digester  (Gallaher  et  al.,  1975)  fo 
cooling,  solutions  were  diluted  to  75  ml 


All  soil  P,  K,  Ca,  Mg,  Fe,  Cu,  Mn,  and  Zn  analyses  were  conducted 
using  procedures  recommended  by  the  University  of  Florida's  Soil 
Testing  Laboratory  using  a double  acid  extraction  procedure  (Mehllch, 


id  by  atomic  absorption  spectrophotometry. 


Nitrogen  analysis  of  plant  material  employed  the  micro-kjeldahl 
procedure  as  modified  by  Gallaher  et  al.  (1976).  A 0.1  g sample  was 
placed  in  75  ml  digestion  tubes  to  which  two  boiling  chips,  3.2  g of 
catalyst  (902  anhydrous  K^SO^ , 10%  anhydrous  CuSO^),  10  ml  of  concen- 
trated H^SO^  and  2 ml  of  were  added.  Samples  were  then  digested 


in  an  aluminum  block  digester  (Callaher  et  al., 


determined  by  a routine  dry  ashing  mineral  analysis  procedure  as 
modified  by  R.  N.  Gallaher  (personal  communication,  Agronomy  Department, 
University  of  Florida,  Gainesville,  FL,  1983)  in  which  1.0  g samples 


followed  by  reheating  to  boiling  and  then  diluting  to  100  ml  volume 
with  deionised  wacer.  Solutions  were  analysed  for  P using  colorimetry 

spectrophotometry.  Calcium,  Mg,  Fe,  Cu,  Mn,  and  Zn  were  determined  by 


In  vitro  organic  matter  digestibility  (IV0MD)  of  plant  material 
was  determined  by  the  Tilley  and  Terry  (1963)  two-stage  procedure 
adapted  by  Moore  and  Mott  (1976,  1976)  and  expressed  on  an  0M  basis 
(Moore  et  al.,  1972;  Moore  and  Mott,  1976,  1976). 


Procedures 


analysis  for  orthogonal  polynomials  utilising  contrast  statements  where 
appropriate.  The  data  from  individual  locations  were  analysed  sepa- 

in  the  same  variable  was  Judged  significant. 

performed  at  the  Northeast  Regional  Data  C> 

Gainesville.  FL)  using  the  General  Linear  1 
Statistical  Analysis  System  (SAS).  Data  f 


id  correlations  were 

iter  (University  of  Florida, 

ing  and  transformations 


id  Discussion 


water  stored  in  the  soil.  Rainfall  data  for  the  three  experiments  con- 
ducted during  1983-84  are  found  in  Table  2-3.  Droughty  conditions  were 
reflected  in  grain  yields  of  corn  with  Che  most  severe  stress  occurring 


t relationships  al 


were  analyzed,  interactions  occurred 
locations  were  analyzed  separately. 

accumulation  of  N.  Grain,  residue,  r 

cicnt  rainfall  during  Che  silking  to 
Grain  yield  decreased  with  increasing  rate  of  N at  location  1 whe 
rainfall  was  limited.  This  physiological  response  of  corn  to  dra 

averaged  over  the  three  locations  ranged  from  250  kg  ha  1 at  the 
rate  to  2270  kg  ha-1  at  the  224  kg  N ha-i  rate.  The  corn  grain  t 
residue  ratio  reacted  differently  to  N rate  at  each  location  and 


Grain/ residue 


increasing  race  ol 
>er  would  indicate  a 

ears/stalk  responded  to  56  kg  N ha 


le  shelling  percent  of  corn  grain  was  similar  at  locations  1 
was  significantly  lower  at  location  2 and  responded  to  56  k| 


There  were  no  differences  in 


Almost  every  plant  process  is  affected  directly  or  Indirectly  by 
tr  deficits.  When  plants  are  subjected  to  water  stress  there  is  a 
ease  in  photosynthesis  and  ceil  enlargement.  There  is  also  con- 

chat  optimized  grain  filling  requires  continued  DM  production  and  trans- 
location of  the  product  to  the  grain.  Hanway  (1962a)  reported  that  the 
potential  yield  of  corn  grain  which  is  produced  lace  in  the  season  is 

However,  less  than  this  potential  yield  of  grain  will  accually  be 


f leaves  such  as  a nutrient  deficiency  o 


season  or  (b)  the 
insect,  disease,  i 
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result  in  increased  grain  yield, 
id  Watson  (1966)  have  shown  that  whc 


increasing  leaf  area  index  (LA 
ruption  of  light  occurs  should 
Moss  (1962)  and  Allison  ai 

grain  accumulates  in  the  stem  and  husk.  Goldsworthy  and  Cologrove 
(1976)  have  shown  that  the  presence  of  more  barren  plants  probably 
explains  why  more  dry  weight  accumulated  in  Che  stems  of  corn  plants. 

for  grain  yield  during  the  current  study,  since  barren  plants  contribute 

Jurgens  et  al.  (1978)  in  a water  stress  experiment  showed  chat  as 
grain  development  progressed,  the  rate  of  grain  fill  began  to  exceed  DM 
on,  indicating  a net  redistribution  of  scored  assimilates. 

ater  is  adequate  but  less  is  known  of  the  effects 

strated  decreased  DM  yields  of  corn  from  N rates  in  excess  of  200  kg  N 

that  moisture  stress  prior  to  silking  reduced  grain  yield  by  25X, 
moisture  stress  at  silking  reduced  grain  yield  by  502,  and  stress 
silking  reduced  grain  yield  by  212. 

Utilising  contrast  statements  for  orthogonal  polynomials,  st. 
yield  showed  a linear  response  to  N rate  at  all  three  locations  (' 

stover  ratio  showed  quadratic  responses  to  N at  location  1 but  lit 


deficient  si 


Dependent  Variable 


NS  = Not  significant  at  the  0.05  level  of  probability. 


location  3, 


t location  1 (T; 


concentration  of  N as  N rate  increased. 


tively,  at  location  2 


').  Nitrogen  fertilizer  did  not  affccl 

I ha-1  fertilizer  caused  Ca  to  increast 
1 rate  caused  Mg  to  increase  in  concentration 
location  2 had  a better  rainfall  distribution,  on 
nutrients  should  have  occurred  providing  higher 


Location 


Continued 


significant 


N Treatment  - — Average 


significant 


probability. 


Continued 


Phosphorus  ci 


nt  of  stalks  responded  similarly 

2-10).  Collivcr  and  Melch  (1970)  found  chat  P uptake  may  be  restricted 

climatic  conditions,  and  fertilizer  practice  can  Influence  yield  levels 
grain  yields  mainly  by  affecting  the  leaf  area  produced  early  in  the 

The  reason  for  this  is  unknown,  but  it  seems  that  high  temperature  is 

tt  factors  since  senescence  is  slow  when  temperatures 


Zn  and  Fe  was  impeded  from  root  to  shoot  in  their  study. 

In  vitro  organic  matter  digestibility  increased  only  in  corn 


significant 


Iks  when  averaged  o' 
a dilution  effect  s: 


(IVDMD)  at  final  harvest,  73*  vs  72.1 
yield,  agronomic  variables,  nutrient 


digestibility 


Analysis  of  the  youngest  mature  leaf  at  AO  days  after  emergence 
indicated  that  N concentration  was  increased  by  application  of  56  to 
226  kg  N ha*1  (Table  2-12).  The  only  other  nutrient  that  was  affected 
by  N fertilizer  was  Fe  which  increased  to  168  kg  N ha  1 . When  the 
whole  plant  was  sampled  at  60  days  after  emergence,  there  was  a change 
in  plant  concentration  of  N,  Ca,  Mg,  Fe,  Mn,  and  Ca  to  N rates  of  112, 

the  ear  leaf  was  sampled  at  the  bloom  stage  of  maturity,  fertilizer  N 
only  affected  0M  and  IVOMD  at  226  and  56  kg  N ha  , respectively,  when 

mature  leaf,  1.61  to  2.78  dag  kg"1  for  the  whole  plane  at  60  days,  and 
1.66  to  2.63  dag  kg-1  for  the  ear  leaf  at  bloom  (Tables  2-12  to  2-16). 
Critical  nutrient  levels  (CNL)  for  com  were  first  established  by  Tyner 
(1966).  He  proposed  CNL  levels  of  2.9  dag  kg-1  N,  0.29  dag  kg"1  P,  and 
1.3  dog  kg"1  K for  the  sixth  leaf  at  silking.  Since  then  many  CNL 


I 

i 


8:1  « 
84  84 


N,  0.25  to  0.40  dag  kg  fot  P,  and  1.5  to  2.5  dag  kg  for  K,  whan 
measured  in  the  ear  leal  at  silking.  In  the  current  study,  no  rate  of 

yield.  Zinc  was  also  negatively  correlated  but  to  stalk  and  whole 

plant  yield  at  either  locations  utilising  this  sampling  technique. 
Calcium  and  N were  well  correlated  with  final  yield  but  neither 
nutrient  met  sufficiency  levels  in  this  study.  At  this  stage  of  growth. 


significant  at  the  0.05  level  of  probability. 


When  the  eat  leaf  was  sampled  ac  mid-silking,  only  N , Ca,  and  Zn 
were  well  correlated  at  both  locations  to  predict  grain  yield. 


while  Zn  was  negatively  correlated.  Nitrogen,  Ca,  and  IVOMD  were 
positively  correlated  to  stalk  and  whole  plant  DM  yield.  The  reason 
for  the  IVOMD  being  correlated  to  yields  of  stalk  and  whole  plant  is 

uptake  in  the  vegetative  portions  of  the  plant.  Bennett  et  al.  (1973) 

re,  and  sunlight  caused  large  differences  in  yield 
. Hanway  (1962c)  reported  that  several 

a corn  leaves  at  silking  time  and  Che  yield  of 


Conclusions 


Crain,  residue,  and  whole  plant  DM  showed  a positive  response  to 
the  36  kg  N ha'1  rate  at  two  locations.  At  the  third  location,  a 


silking  through  ear  fill  period  decreased  grain  yields  more  than 


with  N fertiliser  rate  at  each  location.  Nitrogen  content  increased 
linearly  at  all  locations.  Total  grain  yield  per  kg  of  N content 

same  as  grain.  The  concentration  and  content  of  most  other  nutrients 


exhibited  a change  in  nutrient  concentration  for  N,  Ca,  Mg,  Fe,  Mn,  and 
Cu.  Ear  leaf  sampled  at  mid-silk  showed  an  increase  to  N rate  for  OM 
and  1V0M1).  The  concentration  of  N and  P were  lower  than  the  CNL  values 
recommended  by  Tyner  (1946)  for  sufficiency  levels  in  corn  ear  leaves. 
Only  K met  the  CNL  values  recommended  by  various  researchers.  Nutrient 
:e  sampling  methods  as  predictors  of  grain  yield 

N and  Ca  were  positively  correlated  to  final  yields  with  K being 
negatively  correlated.  Copper  and  Mg  were  also  positively  correlated 

the  ear  leaf  at  silking  was  sampled,  N and  Ca  were  positively 


grain  yield.  Nitrogen, 


CHAPTER  3 

ANHYDROUS  AMMONIA  AS  A SOURCE  OF 
NITROGEN  FOR  CRAIN  SORGHUM  PLANTED  INTO 
BAHIAGRASS  SOD  BY  MINIMUM  TILLAGE  METHODS 


Introduction 


s limiting  ai 


from  clone  row  spacing  is  greater  than  frc 

are  occupied  by  perennial  sods  which  could  be  more  ful 
lnterplant  multicropping  minimum  tillage  systems  were  1 

sod  followed  by  grain  sorghum  have  been  studied  (Lundy 

grain  which  con  be  increased  appreciably  in  protein  cor 
findings  of  Miller  ec  al.  (1964)  and  Nelson  (1952).  Gi 


id  in  multicropping 


generally  responds  to  N application  similar  to  corn.  However,  yield  is 
not  so  easily  depressed  as  that  of  com  when  N deficiency  exists.  The 

tends  to  give  less  yield  increase  for  a given  application  of  N than 
corn  which  may  be  due  in  part  to  its  ability  to  recover  more  available 

with  environmental  factors,  soil  type,  fertilizer  application  rote,  and 
climatic  conditions  (Lutrick,  1978).  Johnson  and  Cummins  (1967) 

kg  ha-1  from  the  first  45  kg  of  N,  390  kg  grain  ha"1  from  the  second 
45  kg  N,  and225  kg  grain  ha"1  from  the  third  45  kg  N.  Lutrick  (1978) 
applied  ammonium  nitrate  at  rates  of  0 to  188  kg  N ha  . In  general, 

in  a yearly  basis.  The  protein 


f grain  sorghum  die 

including  112  kg  ha  1.  He  the 

No-tillage  planting  a summer  crop  such  as  i 


grass  growth,  but  allowing  for  fall  rcgrowth  would  be  desirable.  Tin 
renovation  of  the  pasture  sod  with  in-row  subsoiling  plus  having  gra: 
regrowth  and  crop  residues  for  livestock  to  graze  in  the  Fall  could 

The  objective  of  this  study  was  to  determine  the  effect  of 
Materials  and  Methods 


All  materials  and  methoi 


The  grain  sorghum  experiment  w. 
described  locations  during  1983  and 
randomized  complete  block  design  wi 


: identical  to 


replications  utilizing  DeXa 


'Pensacola')  sods.  All  sorghum  was  planted  al 
plants  ha"  . Two  rows  6 m in  length  were  han< 

each  positioned  three  leaves  down  the  stalk  from  the  flag  leaf,  were 


for  chemical  analyses. 


screen  and  [hen  scared  in  air-tight  plastic  bags.  Planting  daces. 

Soil  samples  were  taken  following  final  harvest.  Soil  test 
results  are  shown  in  Appendix  Table  B-l. 


te  and  locations,  tl 

analysed  by  location,  Sivakumar  et  al.  (197B)  reported  that  thi 
drought  in  the  case  of  non-irrigated  plots  were  tertiary  branch* 

Their  data  point  out  the  importance  of  the  availability  of  a few  addi- 

yield  increased  at  all  three  locations  to  the  112  kg  N ha  rate,  while 
Grain/residue,  percent  grain,  and  the  number  of  plants  ha  varied 


5/15 

5/25 


N Treatment 


yield  Mg  ha 


plant  Mg  ha' 


sorghum  webworm  (Celama  sorghiella  (Riley)  (Lcpidopcera:Noccuidae)) 
infestation  which  contributed  to  lower  grain  yields  and  a lower  grain 
to  residue  ratio  than  at  the  other  two  locations. 

kg  1 when  averaged  over  the  three  locations  (Table  3-4) . The  response 

Phosphorus  and  Fe  showed  an  Increase  to  N rate  at  only  location  1 
which  was  to  the  168  kg  N ha  (Table  3-4).  Potassium,  Ca,  Mg,  Mn,  Cu, 
and  Zn  concentrations  in  grain  were  not  affected  by  N fertilizer  at  any 

rate  at  locations  1 and  3 and  to  Che  highest  rate  of  224  kg  N ha'1  at 
location  2 (Table  3-5).  Phosphorus  reacted  similarly  at  all  locations 
and  was  highest  in  the  control  plots  with  no  M applied.  This  response 
is  due  to  dilution  effect  as  more  DM  was  accumulated  at  higher  N rates. 
Also,  it  has  been  reported  that  NH3  may  have  an  inhibitory  effect  on 
the  uptake  of  P.  Potassium  increased  Co  N fertility  only  at  location  2 
which  was  to  168  kg  N ha  1.  Calcium  and  Mg  stalk  concentrations 
increased  similarly  to  the  168  kg  M ha'1.  Copper  concentration  of 

locations  1 and  3,  respectively  (Table  3-5).  Zinc  was  highest  in  the 
control  plots  at  only  one  location. 

several  studies  have  investigated  particular  ratios  and  interactions. 
More  than  half  of  the  total  nutrient  uptake  in  the  vegetative  growth  of 


N Treatment 


Treatment 


. not  affecced  by  N application.  Response  was 

nt  showed  a significant  increase  to  the 
for  locations  1 and  2 with  no  difference  due  to  N 

contents  varied  at  each  location  and  responded  differently  to  increas- 

affected  by  applied  N (Table  3-7) . Percent  OM  and  IVOMD  showed  a 


Location 


grain  sorghum 


Average 


emergence  was  analysed  (1 
response  co  N fertiliser 

Lockman  (1972a,  b,  c)  reported 


1-12) . 


from  0.20  co  0.50  dag  kg  * for  third-leaf  samples  of  grain  sorghum 
taken  at  Che  bloom  stage.  Data  in  Gallaher  et  al.  (1975)  indicate  that 
grain  sorghum  will  respond  to  Mg  fertilisation  when  fourth  leaf  tissue 

sufficiency  level  for  grain  sorghum  grown  under  similar  conditions  may 


be  somewhat  greater  chon  0.2  dag  kg  1 because  both  yield  and  Mg  concen- 
tration had  not  leveled  off  at  the  highest  rate  of  Mg  fertilisation. 


Grain  yield  kg  he  J 
Grain/stover  ' 


1V0MD  grain  dag  kg“* 


DOM  grain  kg  ha'1 


>.  Continued 


ranged  from  1.95  to  3.12  daj 
days  post  emergence  was  used  as  thi 


diagnostic  sample  (Table  3-10).  Potassium  actually  di 
of  N fertiliser  increased.  Nitrogen,  P,  a 
from  1.72  to  2.93  dag  kg'1,  0.2b  to  0.32  dag  kg'1,  1.60  to  1. 
kg'1,  respectively,  when  the  whole  plant  at  60  days  was  used  < 
diagnostic  sample  (Table  3-11).  As  with  the  leaf  sample,  K c< 

h increasing  N fertilizer.  Nitrogen,  P,  and  K 
n ranged  from  1.67  to  1.77  dag  kg'  , 0.22  to  0.30  dag  kg 
3.00  dag  kg'1,  respectively,  when  the  third  leaf  below  the 
m was  used  as  the  diagnostic  sample  (Table  3-12) . Both  P 

Critical  nutrient  levels  (CNL)  for  grain  sorghum  are  not  well 


sorghum  at  several  vegetative  stages  was  highly 


dropped  below  2 dag  kg  Leaf  N at  this  stage  accounted  for  about  63% 
Cylands  (1986)  found  that  applied  N increased  nutrient  conccntra- 


ir  higher.  Approximately  2 


diagnostic  leaf  N levels  of  3.35  dag  kg 
dag  kg~*  N was  needed  in  the  diagnostic  It 

Correlation  coefficients  were  utilized  to  compare  these  three 
sampling  techniques  for  predicting  grain,  stalk,  and  whole  plant  DM 
yields.  The  correlation  coefficients  for  locations  1 and  2 are  given 

days  post  emergence  to  give  the  highest  correlations  (Table  3-13) . 

DM,  and  IVOMD  were  positively  correlated  to  grain  yield  (Table  3-13). 

at  40  days  N,  Ca,  Mg,  Fe,  Mn,  Cu,  and  IVOMD  were  all  positively  cor- 

was  negatively  correlated  with  grain  yield  while  plant  DM  concentration 
was  negatively  correlated  with  grain,  stalk,  and  whole  plant  DM  yield. 

was  the  only  nutrient  positively  correlated  with  grain  yield  at  both 

with  stalk  yield  with  P negatively  correlated.  Nitrogen,  Ca,  Mg,  and 
0M  were  positively  correlated  with  whole  plant  DM  yield  while  P was 
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significant 


findings  of  Lockman  (1972b). 


variability  of  K,  Zn,  and 
widely  due  to  location,  s. 

correlated  with  grain,  stalk,  and  whole  plant  DM  yields. 


Grain  sorghum  DM  yield  for  grain  and  whole  plant  increased  at  the 


the  third  location.  Residue  DM  yield  increased  to  the  112  kg  N ha” 


rate  at  all  locations.  Sorghum  webworm  at  location  2 and  moisture 
deficits  at  location  1 had  a greater  effect  on  grain  yields  than 
residue  yields.  As  with  corn,  the  224  kg  N ha”1  fertiliser  rate 
reduced  yields  where  moisture  was  deficient.  Grain  yield  and  whole 


plant  yield  averaged  over  the  three  locations  were  560  and  342%  higher 


application 


It  appears  that  concentration  of  certain  nutrients,  particularly 
N,  in  the  youngest  nature  leaf  at  40  days  post  emergence,  whole  plant 
at  40  days,  and  third  leaf  below  the  flag  leaf  at  bloom  can  all  be  usee 
as  good  predictors  of  grain  yield  and  whole  plant  DM.  Sampling  of 
whole  plants  at  40  days  gave  higher  correlations  for  N and  Ca  as 


CHAPTER  4 
CHEMICAL  Cl 

NITROGEN 
APPLICATION  METHOD 


There  are  millions  of  acres  of  improved  bahiagrass  (Paspaluia 
nocatura  L.  Klugge)  pasture  in  Che  southeastern  United  Scaces.  This 
pasture  grass  is  easily  maintained  and  provides  beef  cattle  producers 
with  an  acceptable  forage  to  let  cattle  grase  during  late  spring, 
summer,  and  early  fall.  The  productivity  and  quality  of  bahiagrass 
can  be  improved  by  proper  application  of  N fertilizer  which  has  been 

for  N fertilizer  much  of  this  pasture  is  never 

Nitrogen  is  the  largest  and  most  expensive  component  of  bahiagrass 
fertilization.  While  anhydrous  ammonia  (NH,)  is  one  of  the  least 
expensive  sources  of  available  N,  research  in  the  1950s  conducted  by 


the  applied  N could  bi 


lue  to  volatilization  of  ammonia, 
loisture,  pH  of  the  soil,  and  spacing  of 


nitrate  (36%  N)  is  2.4  times  that  of  anhydrous  ammonia  (82%  N) . Many 
studies  have  been  conducted  concerning  the  use  of  various  N races  and 
sources  for  fertilisation  of  bahiagrass.  These  studies  all  showed 
significant  responses  to  increasing  N rates  as  well  as  increased  N 
concent  of  forage  (Beacy  et  al.,  i960,  1963,  1977,  1980;  Blue,  1966, 
1972,  1974).  However,  very  limited  information  is  available  on  the 
response  of  bahiagrass  to  anhydrous  ammonia  as  a fertilizer  source  of 

and  Crowe  (1966)  summarized  Che  results  of  many  investigations  testing 
the  effectiveness  of  various  sources  of  N on  several  crops  in  compari- 
son to  anhydrous  ammonia.  They  concluded  that  anhydrous  ammonia  was 

fertilized  with  ammonium  nitrate  (I 
with  anhydrous  ammonia  applied  in  t 
324  kg  N ha"1  (Tesar,  1974).  Burt, 
trials  on  'Coastal'  bermudagrass  (J 

greater  for  a mo nium  nitrate  fertilized  grass  at  the  112  and  224  kg 
Che  fertilizer  was  applied  in  one  application  in  mid-March,  anhydrous 
Tucker  (1968)  found  yields  equal  for  all  sources  and  all  clippings 


somewhat  greater  from  grasses 
modon  dactvlon  L.)  for  5 years 


of  N application.  At  lllghi 
ia  produced  lower  yields  ii 
n succeeding  clippings.  Tl 
od  burn  from  escaping  ammoi 


e first  clipping  and 
Reducing  the  applicator 


increased  the  NH,  efficiency  at  the  high  rates  of  N application. 
Lechtenberg  et  al.  (1974),  using  anhydrous  ammonia  to  fertilise 

n increasing  animal  production  per  hectare  as  was  ammonium 

The  objective  of  this  study  was  to  determine  the  effect  of 
anhydrous  ammonia  versus  aimaonium  nitrate  as  sources  of  S on  the  yield 
and  chemical  composition  of  bahiagrass  forage. 


Experiments  were  conducted  at  two  locations  during  1983  and  one 
location  during  1984.  All  locations  were  in  Levy  County,  Florida, 
latitude  29a30'  North,  longitude  82a30'  West.  Five  rates  of  N (0,  56, 

each  of  the  split  plot  sources  of  N (ammonium  nitrate  and  anhydrous 
ammonia)  and  were  randomized  and  replicated  four  times  (Table  4-1) . 
Treatments  were  applied  during  1983  on  June  8 at  location  1 and  on 


was  a Kershaw  fine  sand  (thermic,  uncoatcd,  typic  Quartzipsamraent) , an 
excessively  drained  soil.  Locations  2 and  3 were  on  a Candler  series 


Whole  plot  (T) 


Split  Source  (S) 


(hyperthermic , uncoaced.  typic  Quartzipsamment) , also  an  excessively 

Split  plots  were  3 x 10  m.  Anhydrous  ammonia  was  injected  15  cm 
into  the  bahiagrass  sod  utilixing  a DMl  "Sod  Booster"  applicator 
developed  by  DMI  Inc.,  Goodfieid,  Illinois.  The  applicator  is  a pull 
type  unit  with  nine  spring-loaded  shanks  on  35.5  cm  spacings  with 
adjustable  knives  and  a packer  wheel  behind  each  knife.  A continental 

nitrate  was  broadcast  by  hand  to  all  plots  receiving  tl 

application  of  80  kg  K ha  \ 25  kg  S ha  and  12  kg  Mg  hi 
applying  N treatments.  Sources  of  K,  S,  and  Mg  were  KjSO, 

(K-Mag)  and  Kd. 


catching  attachment.  Clipping  height  was  2.5  cm.  Harvest  siae  was 

prior  to  and  following  final  harvest.  Treatment  and  harvest  dates  are 

oven  at  70  C,  then  ground  in  a Wiley  mill  through  a 1 mm  stainless 
steel  screen.  Soil  samples  were  taken  following  final  harvest  at 

Appendix  Table  C-l.  Chemical  analyses  of  soil  and  plant  tissue  was 


determined  ns  described  in  the  Materials  and  Methods  section  of 

A split-plot  statistical  analysis  was  performed  according  to 
Cochran  and  Cox  (1957).  Statistical  analysis  was  performed  according 

Average  yields  were  determined  for  each  location  and  used  to 
determine  the  cost  Mg-1  of  forage  produced  at  each  rate  of  S.  cost  Mg 
of  forage  produced  by  each  56  kg  increment  of  N,  and  forage  production 
efficiency  of  applied  N (kg  of  DM  produced  kg  N applied). 

Recovery  of  applied  N was  calculated  by  Che  following  equation: 


• » Percent  N recovery 


application  plus  $.26  kg  material  (822  N)  applied  which  computes  t< 

cost  of  ammonium  nitrate  was  calculated  at  $.215  kg  of  material 
(3«  N)  or  $.63  kg'1  of  N. 


differences  between 


at  location  1 and  Che  first  harvest  at  location  3(  where  yield  was  212 


uptake.  The  higher  DM  yield  at  location  1 is  io  agreement  with  Burton 
and  Jackson  (1962)  who  found  a greater  carryover  effect  in  the  year 
after  application  favoring  anhydrous  ammonia  over  ammonium  nitrate  when 

anhydrous  ammonia  in  the  year  following  fertilization  and  found  greater 


most  studies  on  tropical  forages,  anhydrous  ammonia  consistently  gave 


2.5  cm  clipping  1 


i increasing  rj 


nitrate.  In  general,  N cor 


or  ammonium  nitrate  (Table  4-3).  The  concentration  of  mineral 
elements  in  forage  is  dependent  on  the  interaction  of  a number  of 
factors,  including  soil  characteristics,  plant  species,  stage  of 
maturity,  yield,  pasture  management,  and  climate  (McDowell  et  al.. 


Nitrogen  concentrations  were  slightly  higher  than  those  found  by 
Blue  (1972)  over  6 years  of  N fertilisation  at  similar  rates  utilizing 
different  sources  of  N. 

ranged  from  32  to  39  dag  kg~A  when  averaged  over  sources,  locations. 


1971) . Some  researchers  have  reported  increases  in  digestibility  of  N 
fertilized  forage  while  others  have  reported  no  difference  due  to  Che 
application  of  N fertilizers  (Ford  and  Williams,  1973).  Waite  (1970) 
noted  an  increase  in  the  IVOMD  of  orchardgrass  (Dactylls  glomcrata  L. ) 
and  ryegrass  (Loliunt  multlflorum  Lam.)  with  N fertilization. 

Fribourg  et  al.  (1971)  noted  an  increase  in  IVOMD  of  bermudagrass  from 
37  to  46%  as  N applied  increased  from  0 to  800  kg  ha  . Others  have 
shown  no  difference  due  to  N rate  (Ruelke  and  Prine,  1971;  Webster, 
1965).  Nitrogen  fertilizer  stimulates  rapid  growth  which  possibly 
causes  lower  levels  of  soluble  and  structural  carbohydrates  and  a 
higher  digestibility  (Waite,  1970).  Stanley  et  al.  (1977)  found  that 
when  bahiagrass  was  fertilized 
height  from  0-12.5  cm  above  thi 
the  forage  ranged  from  70-72%  j 


,d  clipped  tt 


fertilization 


or  clipping  height. 

increased  digestibility  by  3-5%  and  had  a small  positive  effect  on  the 

utilising  smooth  bremegrass  (Bromus  inermis  Lcyss.)  fertilized  with 
anhydrous  ammonia  at  rates  ranging  from  0 to  668  kg  N hn  found  that 


e ambient  temperatures  were  higher  than 
Robinson  (1981b)  studied 


influences  on  yield  and  in  vitro  l 
i increasing  photon  flux  density  at 


ue  digestibility 


Cooper  and  Tainton  (1968) 


et  al.t  1976;  Wilson  and  Mlnson.  I960) . Wilkinson  and  Langdalo  (1976) 

to  be  in  the  range  of  1.8-2. 2 dag  kg.  These  levels  were  reached  at 
only  the  highest  N rates  o£  168  and  226  kg  N ha'* 1  in  the  current  study 
(Table  6-3).  Brown  and  Ashley  (1976)  reviewed  the  literature  pertaln- 

associated  with  growth  resulting  from  high  N rates  and  they  concluded 
chat  carbohydrate  reserves  would  be  limited  under  such  conditions. 

Callahcr  and  Brown  (1977)  found  evidence  to  indicate  chat  the 
photosynthate  is  not  utilized  for  new  growth  or  metabolism  when  N is 


if  assimilates  fri 


effect  upon  digestibility  (Moore  et  al.,  1970; 
Prates  et  al..  1976).  A possibility  for  the  greater  digestibility  from 

during  the  injection  process  of  NH-  where  more  soluble  carbohydrates 

rainfall  and  increased  temperatures  apparently  influenced  all 

i overa  all  locations  and  harvest  dates  (Table  6-5). 
n reported  in  other  N rate  studies  as  noted 


nitrate  over  anhydrous  ammonia  (Ta 
found  to  be  deficient  in  studies  by  Rojas  (1985) . He  found  that  most 

2n  at  all  stages  of  maturity.  Mean  concentrations  of  all  elements 

weight  beef  cow  of  average  milking  ability  (Table  4-6) . 

responded  to  the  56  to  224  kg  ha"1  rates  depending  on  location  and  N 
sources.  Reid  and  Jung  (1965)  found  that  : 
a higher  content  of  soluble  carbohydrate  ai 


re  concentration  was  highest  at  Che  0 rate  ant 


several  researchers  (Beaty 


Table  4-6.  Mineral  concentration  means  of  baliiagrass  at  all  locations 


Calcium 


Suggested 


450  kg  (NRC.  1984). 


average  milking  ability 


1977;  lmpithuksa  and  Blue,  1978;  Rodriquez  et  al.,  1973).  Rodriquez 
stolon-root  systems  with  relatively  high  crude  protein  concentrations. 
(1972)  and  Blue  and  Graetz  (1977)  found  that  the  stoloniferous  root 


Location 


t significant  at  the  0.05  level  of  probability. 


Recovery  o£  applied  nicrogen  in  'Pensacola'  bahiagrass 
forage  and  stolen  root  systems  ai 


Location 


and  decreased  with  increasing  races 
chan  ac  Che  ocher  locacions  prior  Co  year 

1966,  1974).  The  increase. 

ing  rciacively  quickly  a large 
scolons.  Beaty  ec  al.  (1966)  a 

is  a large  pocencial  for  H Co  be  utilized 

Dry  natter  yield  increased  Co  all  levels  of  N when  sources  of  N 


Che  price  difference  kg  1 of  N applied,  Che  anhydrous  ammonia  becomes 
less  expensive  chan  che  ammonium  nitrate.  Also,  the  efficiency  of 


forage  production  (kg  forage  kg  S applied)  decreases  as  N rate 

sistent  with  that  of  other  researchers  (Beaty,  1964;  Blue,  1966,  191 
compare  costs  and  benefits  when  developing  a S fertility  program.  1 

efficient  forage  yields  of  bahiagrass.  Close  grazing  or  clipping  wl 
rates  Co  allow  mazimura  utilization  would  produce  forage  of  higher 


and  chemical  composition  of  bahiagrass  forage. 


:<3£2§ 


rate.  Uecoveries  of  N decreased  as  N race  increased. 

d efficient  forage  yields  were  obtained  with  on 


:h  and  development  (Jacques 


Knowledge  of  dry  matter  (DM)  produc- 
eodcd  to  relate  to  plant 


tion  of  physiological,  phenological,  and  environmental  factors. 

Increase  in  dry  weight  with  time  is  usually  characterized  by  a 
sigmoidal  curve  (Leopold  and  Kriedemann,  1975),  in  which  three  primary 

1969).  In  the  expansion  phase,  the  growth  rate  (increase  in  dry  weight 
(Watson,  1958;  Leopold  and  Kriedemann,  1975;  Duncan  et  al.,  1967).  The 


mineral  nutrient  content  of  corn  and  grain  sorghum, 

Fribourg  et  al.  (1976)  reported 
uptake  by  corn  and  sorghums.  The  amoi 
plant  parts  exhibited  considerable  rai 


inorganic  nutrient 
in  the  above-ground 


e products  o 


ha"1.  Since  the  quantities  removed  a 

the  climatic,  edaphic,  genotypic,  and  management  considerations,  but 
also  by  soil  nutrient  availability.  Growth  and  DM  production  in  grain 

physiological  maturity,  suggested  that  by  using  those  stages  as 
standards  the  timing  of  sampling  or  treating  sorghum  could  be  described 
accurately  in  relation  to  the  morphological  or  physiological  age  or 
status  of  the  plant.  They  reported  that  the  general  pattern  of  DM 
accumulation  was  the  same  for  different  grain  sorghum  hybrids  and  that 
late  maturing  hybrids  tended  to  be  heavier  at  each  stage  of  development 

Jacques  et  ni.  (1975),  in  studies  of  grain  sorghum  hybrids,  found 

taken  up  more  rapidly  than  Mg  during  vegetative  growth.  When  vegeta- 

decreased  through  most  of  plant  growth, 
growth.  Lockman  (1972a,  b)  reported  that  soil  acidity,  soil  fertility. 


stage  of  growth,  variety,  and  climatic  conditions  affected  the  mineral 
composition  of  grain  sorghums.  Jacques  et  al.  (1975),  found  that  20  to 
30  days  after  emergence  sorghum  plants  began  to  grow  rapidly;  their  dry 
weight  Increased  faster  than  nutrient  accumulation,  and  thus  concentra- 
tions decreased.  Hanway  (1962b) , found  that  differences  in  soil 

but  did  not  markedly  change  the  seasonal  pattern  of  uptake  and  distribu- 
tion of  these  elements  in  the  plants.  The  content  of  N,  P,  and  K in 
corn  and  grain  sorghums  was  linear  in  relation  to  DM  accumulation 
(Fribourg  et  al.,  1976;  lianway,  1962c). 

The  objective  of  this  study  was  to  measure  the  UM  accumulation. 


Materials  ai 


Methods 


sorghum  planted  into  15-; 
Flugge)  (c.v.  'Pensacola' 
1986,  on  an  Arredondo  fir 
Grossarenic  Paleudult) . 


conducted  during  1984  at  one  location  utilising 
►6'  tropical  corn,  DeKalb  'EXA  816'  tropical  corn, 

The  genotypes  were  planted  on  May  3( 
1 (loamy,  siliceous  hyperthermic 

in  Chapter  2 with  the  following 


id  September  13.  Seven  plants 


after  planting  through  grain  black  layer. 

July  15,  July  30,  August  16,  Au 

thereafter.  All  sampled  plants  were  weighed  for  fresh  weight  and 

further  analysis. 


(1969).  The  two  tropical  corn  hybrids  ('Pioneer  Y0M06'  and  'DeKall 
EXA  816')  reached  physiological  maturity  at  85  days,  at  which  time 


accumulate  DM  through  the  final  harvi 
bloom,  approximately  ZO  percent  of  tl 

genotype.  Ac  physiological  maturity. 


r following  bloom  of  each 


of  four  cultlv.irs  of  Lroplc.il  corn  end  sorghum. 


1.  Rainfall  data  during 
sorghum  were  planted 


ch.lt  observed  by  llanvay  (1962a) 

Vanderlip  and  Reeves  (1972)  reported 
maturing  hybrids  tt 


did  earlier  maturing  hybrids.  Shipley  i 


that  applying  N anc 


all  cultivars  t 


tr  accumulation 


Organic  ma 

near  bloom  for  all  culcivars  (Figure  5-2) . Organic  nu 

Nitrogen  and  K concentrations  increased  rapidly  during  the  first 

602  more  uptake  than  was  applied.  The  variety  8222  grain  sorghum. 


Potassium  uptake  wi 


!o«enta(b)' 

sorghum. 


5-3.  Effect  of  days  after  planting  on  the  N concentration 


tissues  of  the  plane.  Lockman  (1972b)  indicated  that  K levels  in  grain 

to  increase  N fertility  differs  considerably.  Some  experimental 
hybrids  show  increases  in  protein  content  and/or  groin  yield  as  N rates 
increase  (Kamprath  ec  al.,  1973;  Warren  et  al.,  1980;  Nelson,  1956), 
Several  reports  indicate  that  source-sink  relationships  are  important 
in  the  accumulation  and  distribution  of  N and  OH.  Kamprath  et  al . 
(1982)  found  that  low  N uptake  in  corn  before  silking  was  associated 


ability  in  the  soil.  Seasonal  pattern  will  vary  with  different  times 
and  methods  of  application  of  N fertilizer  and  the  rate  of  mineraliza- 
tion of  N from  the  soil  organic  matter  will  vary  among  different  soils 
and  different  seasons.  Potassium  accumulation  in  Hanway's  (1962c) 
study  continued  until  a later  stage  of  maturity  and  there  was  no  loss 


results  occurred  in  Che  sorghum  cultivars  in 
corn  hybrids  did  lose  K after  physiological 

Phosphorus  ranged  from  0.35  to  0.65  dag 


che  present  study,  but  the 
iturity  which  is  in  agree- 


(Figure  5-5).  Phosphorus  concent  increased  through  f. 


(1971)  observed  that  the  pattern  ol 


a changing  nutrient  contenc  of  a given  tissue  with  age,  such  a» 
tissue.  Hanway  (1962c)  found  that  the  P accumulation  pattern  * 


Calcium  and  Mg  concentrations  reacted  similarly  for  corn  and 

for  the  tropical  corn  hybrids  (Figures  5-6  and  5-7).  Calcium  accumu- 

sorghums  than  che  corn  hybrids.  Also,  more  Ca  chan  Mg  was  accumulated 
by  all  the  cultlvars.  Jacques  et  al.  (1975)  found  in  sorghums  that  Ca 

uptake  had  occurred.  In  one  study,  Lockman  (1972a)  reported  that 
seasons  affected  nutrleut  levels  In  grain  sorghum  and  that  dry  years 

probably  because  K would  be  less  mobile  in  the  soil.  Fribourg  et  al. 
(1976)  stated  that,  in  general,  nutrient  uptake  of  N,  P,  K,  Ca,  and  Mg 

However,  grain  sorghum  above-ground  plant  parts  tended  to  contain 


Days  After  Planting 


Figure  5-5.  Effect  of  days  after  planting  on  the  K concentration 
(a)  and  content  (b)  of  four  cultlvars  of  tropical 
corn  and  sorghum. 


’ 5-6.  Effect  of  days  a: 


corn  and  sorghum. 


Effect  of  days  after  planting  on  the  Mg  concentration 


5-8) . Accumulation  of  Fe  tended  to  Increase  in  the  two  corn  hybrids 
both  sorghums  through  the  final  harvest  at  105  days  after  planting. 


et  al. . (1975)  found  whole  plant  nutrient  concentrations  decreased 
through  most  plant  growth.  Zinc  and  Cu  concentrations  did  not  decrease 
as  much  during  grain  development  as  during  vegetative  growth.  Nutrient 
uptake  generally  had  reached  50%  or  more  of  total  uptake  in  the  plants 
when  they  completed  vegetative  growth.  Nutrient  uptake  preceded  DM 


planting  on  the  Mn  concentration 


hybrids  are  found  in  Table  5-2.  The  nucrient  concentration  and  content 

was  applied  (Table  5-4).  Fribourg  et  al.  (1976)  found  similar  occur- 

sources  of  available  K and  N were  utilised  by  the  crops.  ‘Die  fertiliser 
S applied  in  the  Fribourg  et  al.  (1976)  study  was  less  than  the  N uptake 


Dry  natter  accumulation  and  OM  concentration  and  content  increased 
rapidly  after  30  days  post  planting.  Nitrogen,  P.  K,  Ca,  Mg.Fe,  Hn.Cu, 

erratic  throughout  all  harvest  dates.  The  concentrations  of  N,Ca,  Mg, 
Mn,  Cu,  and  Zu  were  higher  in  the  sorghum  than  in  the  corn  hybrids.  The 

analysis  if  they  alter  Che  nutrient  concentration  at  sampling,  whether 


g -a  §s  §s 


harvested  plane  pare  weights  and  percent  composition,  tl 
onccd  not  only  by  the  climatic,  edaphic,  genotypic,  and 
considerations,  but  also  by  soil  nutrient  availability. 


SUMMARY  I 


D CONCLUSIONS 


Florida  is  a grain  deficient  state  with 
shipped  ouc  of  the  state  each  year  for  stocking  or  finishing  in  western 
ranges  or  fecdlots.  Florida  currently  ranks  9th  in  the  nation  in  beef 
cow/calf  production.  There  are  also  some  3 million  acres  of  bahiagrass 
(Paspolum  notatum  Flugge)  sod  which  might  be  more  fully  utilised  in  row 

Several  feedlots  in  the  state  are  in  need  of  good  quality  grain 

United  States  to  utilize  in  cattle  and  poultry  rations  in  Che  State  of 
Florida. 

high  energy  feed  grains  by  feedlot  operators.  This  multicropping  or 
intensification  of  land  and  resources  is  needed  for  Florida  farmers  to 
adequately  compete  and  stay  in  business.  The  adage  is  no  longer,  "How 

If  summer  planting  of  corn  or  grain  sorghum  were  feasible,  this 


o tillage  systems,  I 


d fertilizer  ui 
major  detriment  to 


iigh  soil  fertility  and  possibly  as  a 
.1  fertility  is  low.  Poor  rainfall 


n acreage 


on  non-irrigated  lai 


rany  have  incorporated 
ha~*.  The  Florida  Crop 


to  excellent  yields.  The  value  of  the  corn  produced 


ise  of  the  yield 
produced  good 


One  objective  of  this  study  was  to  determine  the  effect  of 
anhydrous  ammonia  (NHO  as  the  sole  source  of  N when  tropical  col 

largest  and  probably  the  most  expensive  fertilizer  components  usi 


for  the  yield 


fertiliser  r; 


Insufficient  rainfall  during  the  silking  through  ear  fill  period 
decreased  grain  yields  more  than  residue  yields.  Also,  grain  yields 
were  more  depressed  when  the  highest  rate  of  N (214  kg  ha  was 

plants  response  to  high  levels  of  fertility  under  moisture  stress. 
Grain,  stalk,  and  whole  plant  DM  yields  increased  linearly  in  response 
to  increased  levels  of  N fertility  at  locations  2 and  3,  but  were 
quadratic  at  location  1 for  grain  and  whole  plant  DM  yield  probably  as 


increased  linearly  at 


and  N fertility 
ranged  from  25  l 


The  analysis  of  diagnostic  samples  indicated  chat  N and  Fe  were 
Che  only  elements  increased  by  N rate  when  youngest  mature  leaves  were 


175 


have  reduced  maximum  uptake  of  N and  V. 

methods  for  use  as  predictors  of  grain  yield  indicate  that  N , Ca,  and 
1 yields  with  K being  negatively  correlated. 


correlated  w: 


grain  yield.  Nitrogen.  Ca,  and  It 


bahiagrass  sod.  Grain  sorghum  DM  yield  for  grain  and  whole  plant 


concentration  of  P,  K,  Ca,  Mg,  Fe,  Mn,  Cu,  and  Zn  were  not  affected  by 


concentration  of  nutrients 


N fertiliser  at  an 
Efficiencies  of  N uptake 


ased  with  increasing 


ha-  , respectively. 


nutrients,  particularly  N,  in  Che  youngest  mature 
emergence,  whole  plant  at  40  days,  and  third  leaf 


below  the  flag  at 


the  leaf  at  40  days  to  predict  final  yield  of  grain,  residue,  and  whole 
plant  DM.  These  diagnostic  tools  would  also  be  Invaluable  to  help  in 

additional  fertiliser  or  ocher  management  methods  could  be  applied  so 
that  fertility  particularly  N would  not  be  limiting  to  yields. 

The  third  objective  of  this  study  was  to  determine  the  effect  of 


chemical  composition  of  bahiagrass  forage.  No  differences  in  DM  yield 
were  found  due  to  source  of  N in  this  study.  Nitrogen,  IVOMD,  and  P 


concentrations  increased  with  increased  rates  of  N and  were  greater 

Concentration  of  all  nutrients  increased  with  increasing  rates  of 
N.  Phosphorus  and  Cu  were  found  to  be  deficient  in  forage  at  all  races 

average  milking  450  kg  beef  cow.  The  ultimate  objective  of  pasture 


le  production  of  some  animal  product. 


ic  land  area,  usually  through 
e recovery  of  N was  mostly  in 
e except  at  one  location  where  91%  of  N applied  was 
e forage  and  stoloniferous  root  system.  The  91% 

increased.  This  study  indicates  chat  up  Co  168  kg  N ha  1 could  be 

•c  forage  product  per  kg  N applied 


(40  kg)  and  this  voul 

overgraxing  was  not  a problem.  The  cost  of  either  NHj 
similar  at  this  race.  However,  if  additional  forage  i; 
there  is  a cost  advantage  by  using  MU  if  168  kg  N ha 

The  last  objective  of  this  study  was  to  measure  the  DM  accumula- 
tion, nutrient  concentration,  and  nutrient  content  of  three  genotypes: 
tropical  corn,  grain  sorghum,  and  forage  sorghum.  Dry  matter  and  DM 
concentration  and  concent  increased  rapidly  after  30  days  post 
planting.  Nitrogen,  P,  K,  Ca,  Mg,  Fe,  Mn,  Cu,  and  Zn  concentrations 
increased  rapidly  during  early  vegetative  growth  and  decreased  rapidly 
thereafter.  Iron  concentration  tended  to  be  erratic  throughout  all 
harvest  dates.  This  could  be  due  to  contamination  of  plant  samples 
with  soil.  The  concentration  of  N,  Ca,  Mg,  Mn,  Cu,  and  Zu  were  higher 
in  the  sorghum  than  in  the  corn  hybrids.  The  ocher  elements  studied 
tended  to  be  higher  in  the  corn  hybrids.  The  nutrient  uptake  tended  to 
follow  DM  accumulation,  particularly  after  the  early  vegetative  stages 


e considered  weather  as  a major  cause  (Bates,  1971). 


elemental  composition,  they  are  influenced  not  only  by  the  climatic. 


nutrient  availability.  Most 
irrigation  as  a management  to< 

ability  and  qualify  of  water  i 


utilising 


ir  grain  sorghum  might  be  an  alterna- 
•r  grain  deficient 


heavy  summer  rainfall  turned  into  two  back-to-back  droughts  in  the 

tropical  corn  along  wich  regrowth  of  bahiagrass  from  these  multicrop- 
ping systems  would  be  desirable  for  the  fall  feeding  of  the  beef  herd. 

higher  than  that  of  corn  while  .IVOMD  values  were  lower  in  grain  sorghum. 
Crop  residues  of  grain  sorghum  and  corn  have  attracted  attention  as  an 
alternate  economical  forage  resource  for  livestock  utilisation.  There 
are  few  data  available  on  agronomic  production  factors  affecting  yield 
and  quality  of  crop  residues  (Perry  and  Olson,  1975). 

multiple  cropping  systems.  More  research  is  needed  to  evaluate  and 


adapt  those  systems  which  are  most  energy  efficient.  Soil  fertility- 
plant  nutrition  and  crop  quality  information,  as  these  factors  relate 
to  cropping  and/or  tillage  systems,  will  also  need  to  be  related  to 
practical  on-farm  use.  Florida's  soils  are  among  Che 
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APPENDIX  C 

AND  CHEMICAL  COMPOSITION  OF  BAHIAORASS 
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